INTRODUCTION
Due to the ever-increasing number of tumourous diseases, there is a great need worldwide to develop new drugs with antitumour activity, either by synthetizing new molecules or through isolation from plants. Since the majority of drugs used in anticancer therapy are isolated from plants, or are modifications of natural molecules, or designed on templates of natural origin, it is crucial to maintain the search for plants with antitumour activity (Cragg et al., 2009 ).
As part of our ongoing research into antiproliferative compounds from
Hungarian species of Asteraceae family, extracts of several Centaurea species (C.
biebersteini, C. jacea and C. spinulosa) native to Middle and Eastern Europe were
earlier tested against human tumour cell lines (Csupor-Löffler et al., 2009) . High cell proliferation inhibitory activity was recorded for many extracts, which drew our attention to the investigation of other, not well-known species of the Centaurea genus.
The aim of the present study was an investigation of the antiproliferative effects of active compounds in C. arenaria M.B. ex Willd.
The genus Centaurea from the tribe Cynereae comprises about 500 species, and has been the object of numerous chemical studies, leading to the isolation of acetylenes, sesquiterpene lactones, flavonoids and lignans as the main characteristic secondary metabolites (Hegnauer 1989) . C. arenaria M.B. ex Willd. is a 30-120 cm high biennial or perennial herb, mostly found on sandy ground, indigenous to Middle-eastern and South-eastern Europe. Previous investigations revealed the toxicity of the methanol extract of C. arenaria in the brine shrimp lethality test (Janackovic et al., 2008) , but without the identification of any compound. With the aim of determining the potency of MeOH extracts were assayed in vitro on cervix epithelial adenocarcinoma (HeLa), breast epithelial adenocarcinoma (MCF7) and skin epidermoid carcinoma (A431) cell lines. The most active CHCl 3 extract was subjected to detailed phytochemical study with guidance of antiproliferative assays. The flavonoids eupatilin (1), eupatorin (2) and apigenin (4), the sesquiterpene cnicin (6), and the lignans arctigenin (7), arctiin (8) and matairesinol (9) were obtained as antitumour constituents of the active fractions. The preparative work also resulted in the isolation of 3'-methyleupatorin (3), isokaempferid (5), moschamine (11), cis-moschamine (12), β-amyrin (13) and β-sitosterin-β-Dglycopyranoside (14), which proved to be inactive or exerted only a limited effects against the tested tumour cells. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 has been deposited at the Department of Pharmacognosy, University of Szeged.
MATERIALS AND METHODS

General
Extraction and isolation.
Extracts for the preliminary assay were prepared from 10 g air-dried, ground plant material with 3x100 ml MeOH, using an ultrasonic bed. After filtration and evaporation, the residue was dissolved in 50 ml 50% aqueous MeOH, and subjected to solvent-solvent partition between n-hexane (3x50 ml) and CHCl 3 (3x50 ml), affording extracts with the yields presented in Table 1 .
Dried and ground C. arenaria (3 kg) was extracted with 5 1 MeOH for the isolation of the pure compounds. The concentrated extract was dissolved in 2 l 50%
aqueous MeOH, and extracted first with 3×2 l n-hexane, and then with 3×2 l CHCl 3 .
After evaporation, the CHCl 3 phase (33.13 g) was fractionated by CC on silica gel, using a gradient system of cyclohexane/EtOAc/MeOH [1:0:0 (600 ml), 95:5:0 (5400 ml), 9:1:0 (16800 ml), 85:15:0 (6300 ml), 75:25 (6600 ml), 6:4:0 (2700 ml), 5:5:0 (6000 142.3 (C-2'), 71.9 (C-3'), 66.7 (C-4'), 127.0 (C-5'). Zhang et al. (1997) .
cis-Moschamine (12): an amorphous solid; 1 H-and 13 C-NMR spectral data identical to the published values (Sarker et al., 1997) .
β-Amyrin (13): identified by co-TLC with an authentic sample, and via the 1 Hand 13 C-NMR spectra.
β-Sitosterol-β-D-glucopyranoside (14): mp. 288-290 ºC, identified by co-TLC with an authentic sample, and via the 1 H and 13 C-NMR spectra. In a preliminary study, the antiproliferative effects of the extracts prepared from the whole plant of C. arenaria were evaluated on the HeLa, A431 and MCF7 cell lines, using the MTT assay. The dried plant material was extracted with MeOH, and this extract was subjected to solvent-solvent partitioning, yielding n-hexane-, CHCl 3 -and aqueous MeOH-soluble phases. The CHCl 3 extract exerted substantial tumour cell growth inhibitory activity at 10 µg/ml concentration against all three cell lines (Table   1) , and accordingly it was selected for a detailed phytochemical-pharmacological analysis in order to identify the antiproliferative constituents.
RESULTS AND DISCUSSION
In the preparative experiment, C. arenaria was extracted by the same method, and the effective CHCl 3 extract was subjected to OCC using gradient elution. out, which allowed complete 1 H-and 13 C-NMR assignments, and therefore the supplementation of previously published data (see Table 2 and in the Materials and Methods).
All isolated compounds were identified for the first time from C. arenaria, but the compounds represent mainly the characteristic secondary metabolites of the genus.
Methoxylated flavones, such as eupatilin (1), eupatorin (2), 3'-methyleupatorin (3) and apigenin (4) and a flavonol [isokaempferid (5)] were described previously from different Centaurea species (Hegnauer 1989) . Similarly, the germacranolide cnicin (6) was detected in some Centaurea species (Tesevic et al., 2007) . The (7), arctiin (8) and matairesinol (9), often occur in Centaurea species (Ferguson et al., 2003; Janackovic et al., 2004 Janackovic et al., , 2008 Marco et al., 2005) , but sesamin-type lignans [such as (+)-syringaresinol (10)]
were previously unknown in this genus. N-Feruloylserotonins (11 and 12) had been found earlier only in two species of the genus (C. moschata and C. nigra) (Sarker et al. 1997; Kumarasamy et al., 2003) ; the serotonin conjugates were reported to accumulate in the seeds. In agreement with Sarker's group, we obtained a 1:2 mixture of cis and trans isomers, and observed that, after successful RP-HPLC separation, the compounds readily formed the mixture again.
The isolated compounds were evaluated for their inhibitory activity on HeLa, MCF7 and A431 cells (Table 3) HeLa 7.51 µM, MCF7 36.23 µM and A431 19.92 µM], and a limited maximal effect, which was typically around 75% inhibition of the cell proliferation (Fig 1) .
Isokaempferid (5) displayed unique activity: it caused a concentration-dependent and MCF7 cells (Fig 1) . These results relate to cancerous cell lines and therefore do not permit direct conclusions concerning normal cells. However, extracts prepared from related Centaurea species have been reported to exert wound-healing activity, which can be explained by a stimulation of normal epidermic tissue proliferation Koca et al., 2009) . The results allow the speculation that isokaempferid (5) may play a crucial role in the advantageous action exerted by similar plants on tissue regeneration.
In summary, our bioactivity-guided isolations led to the conclusion that the strong inhibitory effect of the CHCl 3 extract of C. arenaria on the proliferation of cultured human tumour cell lines (HeLa, MCF7 and A431) may be attributed mainly to flavones, lignans and sesquiterpenoids, other compounds [isokaempferid (5) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
